A Textbook of 

ENGINEERING MATERIALS 


Dr. M. A. Aziz. B. Sc. Engg. (Civil). MS. {Texas ), Ph. D. 
(Glasgow) Professor of Civil Engineering 
Bangladesh University of Engineering & Technology 
Dhaka. Bangladesh 

i 


* • 





Aiaiableai 

HAFIZ BOOK CENTRE 
167 Dhaka New Market 
Dhaka- 1203 


PREFACE 


This book is the outcome of my experience gained while 
dealing with the manifold aspects of the topics covered both 
in the teaching as well as in the practical fields. Its 
preparation was undertaken to meet the need in the 
engineering eduction and profession which was felt for a 
general textbook covering the manufacture, properties and 
uses of the most common materials of engineering 
construction in a comparatively concise and thoroughly 
modem manner. 

This book on engineering materials is designed for use 
as a textbook to the students pursuing engineering and 
technical education in the Engineering Universities 
Engineering Colleges. Polytechnic Institutes and other 
Technical Institutions. Industrial as well as structural 
properties and application of various important locally 
available engineering materials are described and hence this 
book is a unique offer to the students of all branches of 
engineering, the practicing engineers, architects and to 
those preparing themselves for AMIE (Bangladesh) 
Examination. The treatment of various classes of materials 
follows a general systematic pattern which has been made 
uniform through-out so far as has been found practicable. 
The consideration of each material is prefaced by and 
introduction and general discussion of its applications in 
engineering constructions, followed by a study of its 
manufacture or natural occurrence, and concluded by a 
to iu S f° n P^y sical an d mechanical properties in relation 


lucid ?orm 0l th aimS at P resenUn & *n a simple, concise an< 
concerning n!l b r f, 1 of the most upto-date knowledg. 

construction in “f 6 in a " types of en g' neerin£ 

w orked-out ex f , ^ ades h- Numerous illustrative diagrams 
presented i n thi P h tables ‘ char ts and graphs have beer 
knowledge i n this field! t0 enable the requiring no previous 


lft« author * make a pretence of being a specialist 

in all of Helds whkb a/e converted tn va/tous chapter of this 
book THta work la, therefore, to a large degree a 
compilation of data and opinion from a great many different 

sources, The author lakes pleasure in acknowledging his 
gffsii indebtness to the large number of engineers, 
afc'hiirc-ta government officials, and manufacturers who 
hrtvr privately or by their writings contributed much to 
moke up thi* volume, Ca/e has been taken to give accurate 
information in this tr/.l book however, in a subject so varied 
os Engineering Materials, mistakes may occur. I will 
appreciate having errors called to my attention. Any 
Suggestion for future Improvement would be graciously 
welcomed. 

The author Is deeply grateful to Dr. A. Hasnat. Professor 
and Head. Civil Engineering. Department. Bangladesh 
University of Engineering and Technology. Dhaka, for his 
Kind en< ouragement In writing this book. Thanks are due to 
Dr. S. II K Eusufzal. Dr. A. Hannan. Al-haj A. F. M. Abdur 
Rauf. Dr. M. Shahjahan. Dr. J. R Chowdhury. Dr. A. Salam. 
Dr. A Habib. Mr. Shamimuzzaman and Prof. All Akber of Civil 
Engineering Department for their Interest, encouragement 
and valuable assistance in writing this book. 

I wish to express my gratitude to my wife. Saleha. for 
her unfailing Inspiration support and help during writing 
and In ihe final preparation of the book. Finally, sincere 
appreciation is extended to my family for allowing me to 
take so much of their time to write thts book. 

The author also thanks hts publisher for kind co- 
operation and help In bringing out this book In time tnspite 
of lost of difficulties. 

M. A Aziz 
1973 

Bangladesh Unluersily of Engineering 
and Technology. Dhaka Bangladesh 
Srntemhcr. J 973 


Content 


Chapter 1: Introduction 
Chapter 2:Building Stone 
Chapter 3: Bricks 
Chapter 4: Tiles 

Chapter 5 :Refraction and other ceramics 

Chapter 6: Lime 

Chapter 7 Cement 

Chapter 8: Sand and surki 

Chapter 9 Mortar and plaster 

Chapter 10 Concrete 

Chapter 1 1 :Iron and steel 

Chapter 12:Non ferrous metallic alloy 

Chapter 1 3 :Soils 

Chapter 14:Road Materials 

Chapter 15:Timber 

Chapter 16:Protective coating materials 
Chapter 17Micelianeous material 
Index 


CONTENTS 


Chapter 1 : Introduction 


Page 1 


General considerations. Properties of Engineering 
Materials. Selection of Engineering Materials Used 
In Bangladesh. 

Chapter 2: Building Stones 10 

Introduction. Minerals. Classification of Building 
Stones. Properties of Building Stones. Important 
Building Stones of Bangladesh and Their Uses. 
Quarrying Artificial Stones. 

Chapter 3: Bricks 28 

Definition. Factors Affecting Qualities of Good 
Bricks. Constituents of Brick-Clay. Harmful 
Constituents Brick Manufacturing. Moulding Drying. 
Burning. Characteristics of Good Bricks. Field Tests. 
Classification. Special Bricks. Uses of Bricks. 

Chapter 4 : Tiles 47 

Introductory. Classification. Characteristics. Uses. 
Glazing. 

Chapter 5 : Refractories And Other Ceramics 50 

Definition. Uses. Composition. Manufacture. 
Varieties. Properties. Earthenwares. Stonewares. 
Porcelain. Porouse wares. 

Chapter 6 : Lime 55 


Introductory. Uses Technical terms. Classification. 
Fat Lime. Hydraulic Lime. Natural Cements. Tests. 
Manufacture Qualities. 

Chapter 7 : Cement «« 


introductory. Types. Composition. Functions of 
Various Ingredients. Manufacture. Properties. Tests. 

rfc 4 ^Vpes of Portland Cement. Special Cements. 

Chapter 8 : Sand and Surkl 95 

Sand. Classification. Properties. Availability. Uses. 






Bulking Grading. -Plumes* Modules, Surkl : 
Properties. Uses. 

Chapter 9 : Mortar and Plaster 103 

Mortar : Types. Function of Sand In Mortar and 
Surkl. Uses. Preparation. Special mortars. Plaster : 
Uses. Specification. Classification. Sand Rubbing 
Pointing color wash. Distemper. 

Chapter 10 : Concrete 115 

Introduction. Fine and coarse Aggregates. 
Classification of concrete. Lime concrete. Cement 
concrete. Properties of concretes Slump test. Sieve 
Analysis. Water-cement Ratio. Curing of concrete. 
Shuttering. Crepe. Leaching. Precast concrete. R.C.C. 
slabs, beams, columns. Prestressed concrete. Light- 
Weight Aggregates. Architectural and Ornamental 
Concretes. Concrete Products. Design of Concrete 
Mixes. Light-Weight Concrete. Design of Light- 
Weight Concrete Mixes. Concluding Remarks. 
Chapter 11 : Iron and Steel 215 

Introduction Iron Ores Pig Iron Wrought Iron. Cast 
Iron. Properties. Uses. Steel Physical Properties. 
Magnetic Properties. Uses. Calvanized Iron and 
Steel. Alloy Steel. Special Purpose Steel. Reinforcing 
and Prestressing Steels. Creep. 

Chapter 12 : Non-Ferrous Metals and Alloys 240 

Introduction. Copper. Zinc. Lead. Tin. Aluminum. 
Magnesium. Nickles. 

Chapter 13 : Soils 258 

Introduction. Origin and Formation. Classification. 
Basic Properties. Soil-Moisture Relationships Index 
Capacity. 

Chapter 14 : Road Materials 277 

Introduction. Soling, base. Surfacing. Bituminous 

Materials Testing, Stone Metals and Testings. 

Chapter 15 : Timber 284 




Introduction. Timber Tices. Wood Structure. Annual 
Growth Rings Spring and Summer Wood. Sapwood 
and Heartwood. Felling. Girdling. Conversion. 
Sawing. Moisture Contest Weight and Measurement. 
Defects. Knots. Seasoning. Mechanical Properties. 
Characteristics of Good Timber. Uses of Timber. 
Decay. Preservation of Timber. Processes of Applying 
Preservatives. Bleeding Veneers. Plywood. Laminated 
Boards. Batten Boards. Partex Important Timbers of 
Bangladesh. Important Foreign Timbers. Structural 
Properties of Timber. 

Chapter 16 : Protective Coating Materials 238 

Paints. Bases. Vehicles. Pigments. Dryers. Thinners. 
Types of Paints. Oil Paints. Water Paints. Aluminum 
Paints. Cellulose Paints. Water-Repellent Cement 
Paints. Distempers. Miscellaneous Paints; 
Application of Paints Enamels. Varnishes. Resins. 
Types of ;Varnishes. Oil Varnishes. French Polish. 
Rosin. Lacquers Wax Polish. Knotting. Size. Glue. 
Putty. 

Chapter 17 : Miscellaneous Materials 354 

Coal. Glass. Rubbur. Plastics. Asbestos. Leather. 



Index 

Bibliography 


38 3 
389 



1 


Introduction 

1.1 General Consideration : Any malcrial which ha* g‘>t 
application in engineering construction* I* termed 
engineering material. In all branches of engineering, and 
understanding of the fundamental nature of engineering 
materials is becoming increasingly vital. Not only mr 
requirements for materials for engineering applications 
growing more complex, but there are more material* to 
choose from every day. The engineer can no longer hr 
satisfied with a superficial knowledge of a fees standard 
properties of a few commonly used materials. So many 
variation in properties are available that the engine ci must 
have more basic understanding of the behavior of materials. 
This understanding can be developed only through a 
knowledge of the properties of the materials. 

A bridge or a dam or a building or a road »s to be built, 
and the choice of materials is up with the engineer. Shall 
steel or concrete be selected, or are there newer materials 
that might prove superior? The choice must be based on 
several factors; availability of materials, economy, ease of 
handling and fabrication, strength, durability and 
workability. 

A civil engineer engaged in the task of planning, design 
and construction of building bridge, dams, roads, water 
purification plants, sewage treatment plans, airfields, or any 
other structure, should be thoroughly familiar with the 
desired engineering materials and their properties. Every 
engineering construction (structure) must be sufficiently 
strong and durable to resist the action of external forces and 
internal stresses due to various types of loads. In order to 
achieve maximum economy, the engineer must know the 
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haracleristics of the materials and the permissible 

stresses s . be a harmonious blend of beauty 

* utility and economy. To achieve this, specification 
Slr ' n ' ,rin2 materials must be laid down. A specification 

“ »•'«»' «■»»» * « - «r 

requirements which the material should conform to in 
order to be acceptable for use in structure.^ all 
engineering constructions, it is imperative in the interest of 
the safety and the durability of the structure that only 
materials of the acceptable quality and strength be used. 
Therefore, the engineer and other related personnel must 
have to acquaint themselves thoroughly with the functions 
and qualities of engineering materials, because upon the 
quality of engineering materials, depends the quality of 
structures. The quality control of all engineering materials is 
of prime importance to improve the quality of engineering 
constructions as a whole. 


1.2 Properties of Engineering Material : A quality that 
defines a specific characteristic of a material is termed as a 
property. The properties of a material provide a basis for 
predicting its behaviour under various conditions. They are 
the tools the engineer uses to solve his material problems. 
Some of the most important properties of engineering 
material are : 


1. Physical Properties : Size. Shape, density, porosity. 

structure. 

2. Mechanical properties : Strength, elasticity, plasticity. 

• stiffness. <1 uctility. 
malleability. hardness, 

brittleness, resilience, creep. 

3. Chemical Properties : Corrosion resistance, acidity. 

alkalinity. chemical 

composition. 
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4 . i hnmal Piopertki 

5. Magnetic rioprrtlc* 

6. lUrctrical Properties 


Specific heit. thermal 
expansion, conductivity. 
Pertneabillty. cohesive force, 
hysteresis. 

Conductivity. dielectric 
permlttvlty. dielectric 
strength. 


Fundamentally, the properties of a material depend on 
the nature of that particular material alone. Nearly all those 
properties listen, however, are also inseparably tied In with 
conditions of use environment and the state of the material. 
The actual evaluation of a property depends on all these 
factors. Mechanical strength, for example, differs for various 
forms of loading, and Is commonly expressed by such terms 
as tensile strength, compressive strength, or fatigue 


strength. 

Most properties of engineering materials must be 
evaluated entirely by experiment : certain specific 
conditions arc applied and the corresponding properties 
arc measured. Experiments for determining properties of 
engineering materials are usually called tests. Tests may 
piovlde properties for use in design or information on the 
quality of a material. The procedures are usually 
standardized because if identical procedures are always 
followed the results of a number of tests may be compared 
with some assurance. Much of the standardization is done by 
the national organization set up in each country to improved 
the use or materials in engineering constructions and also 
in industries. Some of these organizations are (1) BS1 
(British Standard Institute). (2) A STM American Society of 
Testing Materials. (3) AASHO (American Association of State 
Highway Official). (4) ACL (American Concert Institute). 
Each organization gives standard test methods of all kinds in 
addition to standard specifications for materials and 
standard definitions of terms. 


The following are the very important properties of 

engineering mat property of material that 

reoresents Its ability to r« ist lnternal forces or stresses - 
The three basic strengths of a material, the type of force to 
which the materials is to be subject, must be known. As for 
example the compressive and tensile strength of structural 
steel are nearly equal, whereas cast iron can take more 
compression and it is weak in tension. Similarly, concrete is 
very strong in compression but very week in tension. 

Stress : Stress is the intensity of internal force 
developed when an external force is applied on an 
engineering material. It is denoted by the following 
expression. 



where S is the stress. P is the external force applied and 
A is the cross-sectional area of the surface on which the 
force P is applied. Stress is usually expressed is psi (pounds 
per square inch). There are three types of stresses. . (a) 

compressive stress, (b) tensile stress and (c) shear stress. 

Trensile Stress : This type of stress is induced in an 
engineering material when it is subjected to a tensile force. 

Compressive Stress : This type of stress is induced in an 
engineering material when it is subjected to a compressive 
force. 


Shear Stress : When a part of an engineering material 

tends to slide over another portion at a given section, the 

fibres at the section are side to be shear. 

Shear stress = - Sheaf load 

Are under shear 


strain 


' Vaen load (external force) is applied to a 

size la »K n0t ° nl ' 3 Stress ls induced in the fibres, but the 

eeo-n^ e S * iape 01 material is also changed. Strains the 

an exter^i ^ eforrnalion a material due to application of 
external force. In other words, strain is a measure of the 
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deformation produced by thfi tpplic&Mon of external force. It 
should be noted that the value of the strain is not expressed 
in any dimensional unit Strain is denoted by the following 

expression : 

x 13 

e T w . t 

where c is the strain, x is the extension or shortening of 

lengih and L Is the original length. 




Fig I I Fig. i.i 



Fig » * 


Strains are again three types : (a) tensile strain, (b) 
compressive strain and (c) shear strain. 

<r*u> I- 

Compru.l.. ...In,.. - W 111 

1.5 


Shear Strain : Shear strain Is concerned with the change 
of shape or deformation resulting from the shear stress. The 
element ABCD shown In the Fig. 1.3 Is subjected to shear 
stress. The rhombus PQRS Is the deformed sheape of the 
square element ABCD caused by the sheanng stress Ss. The 
value of shear strain Is given by 2a. 

(2) Elasticity : It Is a property of a material which allows 
•t to return to its original shape and size after the load to 
w Mch it Is subjected is released. This is a very important 
property of engineering materials. The strain for a given of 
load during the unloading process Is equal to the strain for 
the same value of load during the loading process. A limiting 
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value of load will 


be found al which the strain does 


va disappear with the removal of the load. The value 

" s corresponding to this load Is called the Elastic ' 
Limit It was discovered by Hooke that If a material loaded 
“"out exceeding the elastic limit, then the deformation 
produced Is proportional to the load production it. From the 
expressions of stress and from Hooke's law It can be said 
ihat stress varies as strain. This expression will equally apply 
in tension and compression uplo a stress value at the elastic 

limit. 

Youngs Modules of Elasticity : The physical constant 

obtained from the stress-strain ratio is given the nme. 

Young's Modulus of Elasticity, and is denoted by the letter E 

as follows : 

St ess 


E = 


1.6 


Strain 

Hookes elastic law holes also in the case of shear 
streams and shear strain but the value of this ratio differs 
from that obtained in tension and compression and is 
termed as the shear modules' of the given material. Since 
the value of strain is expressed as a number, the units of E 
will be as same as that of stress. It should be noted carefully 

that Young's Modules has no significance beyond the elastic 
limit. 

Modules of Rigidity : It can be defined as the ratio of the 

Shearing stress to shearing strain; or 
G - Shearing stress 

' Shearing strain 1.7 

whcre G Is the modules of rigidity. 

Bulk Modules • Thic « i 

relationship between the v 1 C ° nS,3nt expresses the 

forces, it is denoted by IhetTr T S ' ra ' n ** 

K = -i£ect stresses nixing a change i n volums 

Po ,„„ . „ v °lumetr,c strain 18 

Poisson’s Ratio • If a r 

Produces direct strain in f ° rCe 3Cts °" 3 b ° dy ' “ 

the direction of its action and an 
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nl .., ostle kind of strain In every direction of action. This Is 
know as lateral strain while the strain. In the direction of 
action of the force Is Known as longitudinal stain The ra 
of these two Kinds of strain Is a constant and Is Know s 
Poisson’s Ratio. It is generally denoted by M- 
H s \f(Lateral strain. Longitudinal strain 

(3) Plasticity : Plasticity is the opposite property of 
elasticity. A perfectly plastic material does not return to its 
original shaper and size when the load causing deformation 
is remove. Lead is an example of plastic material. 


(4) Malleability : This properly permits plastic 
deformation of a material when subjected to compression. 
Materials that can be hammered into thin sheets are 


malleable materials. 

(5) Brittleness : The opposite property of malleability is 
brittleness. Cast iron is an example of brittle material. 

(6) Stiffness : The term stiffness designates the 
resistance of a materials to deformation in the elastic range. 
Stiffness of ductile material is measured by the modules of 


elasticity. 

(7) Ductility : Ductility indicates the ability of a material 
to deform in the plastic range without breaking. No accurate 
measure of ductility exists. For comparative purposes, 
however, ductility is usually defined by the percentage 
elongation of a tensile specimen at fracture for a specified 
length. 

(8) Toughness : This properly matures the ability to 
absorb to release energy in the plastic range. 

(9) Fatigue : Certain materials are very often subjected to 
repeated stress.The term fatigue (fatigue strength) of a 
materials is used to indicate its strength in resisting 
repeated stress. 

(10) Hardness : The term hardness, when used as a 
technological property of materials, is primarily associated 
with the surface. An appropriate definition of hardness is 
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j SL ance of a material to permanent deformation of Its 
surface. This deformation may be in the form of scratching, 
mechanical wear or cutting. 

(11) Resilience : The resilience of a material is its ability 
to absorb energy in the elastic range. It Is measured by the 
energy per unit volume required to stress a material in 
tension form zero stress to the proportional limit. 

(12) Creep: In many applications, engineering materials 
are required to sustain steady loads for long periods of time, 
e g. R.C.C (reinforced cement concrete) beams, columns, 
etc. Under such conditions the material 'may continue to 
deform until its usefulness is serially impaired. Such lime- 
dependent deformations may be almost imperceptible . but 
over the life time of a material or structure they can grow 
large and even result in final fracture without any increase in 
load. 

Under short-time loading, as in the conventional 
compression test, of a material there is an initial 
deformation that increase simultaneously with the load, s 
shown in the static stress-strain diagram. If under any 
conditions, deforatmion continues when the load is held 
constant, this additional deformation is termed as creep. In 

fact, creep is the time-dependent part of the strain 
resulting from stress. 

1.3 Selection of Engineering Materials : Selection of 
materials for engineering applications depends first upon 

shn * n re ' a *‘ on i° intended use. The engineer 

he should alio keep n hT s mat !r alS *** * d ' Vel ° ped bU ‘ 

of using existing materia" reCePt ' V ' ‘° P ° SS ‘ ble "' W 

availability. Pre^r 0 ^" 1 COnsiderations ar * economy and 
available materials^ Sh ° Uld aIwa y s be given-to the locally 
even though infers 0metirnes * a material must be selected 

Is not locally avai lable too ’ beCauSC right material 


Introduction 


9 


1.4 Engineering Materials Commonly nst in Bangladesh : 
The following are the important engineering materials that 

are commonly used in E-angladesh. 

Stones, brick and other structural clay products, lime, 
cement, surki. and sand, concrete, iron, steel, ferrous 
alloys, non-ferrous metals and alloys, limber and timber 
products, bamboos, soils, bituminous materials, glass, 
plastic, paints, and varnishes, rubber, etc. 

The important features of 2 !! the engineering materials 
with respect to availability, manufacture, desirable 
properties, standard specifications and uses in engineering 
constructions and in industries are discussed thoroughly in 
following chapters. 


Questions 

1. What is an engineering material? Critically examine 
the importance of engineering materials in engineering 
construction. Do you think that paper, water, air and ink can 
be termed as engineering materials? Justify your answer. 

2. What do you mean by the term "Property* of a 
material? Why it is very important? Enumerate various 
properties of engineering materials. 

3. Define the following : Stress. Strain. Elastic limit. 
Young's Modules of Elasticity. Modules of Rigidity. Poisson s 
Ratio. Malleability, ductility. Fatigue, and Hardness. 

4. What are the important considerations that are looked 
for selecting engineering materials? Name the engineering 
materials commonly used in our country. Enumerate the 
specific uses of any ten of them. 
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Building Stones 

. ./-♦inn • A building stone is obtained from the 

o i introduction 

’ . „ pnrth-crust. • It is a naturally occurring 

rnrks in ine < . 

° , „„ c, on e is considered to the king of engineering 

materials, and where durability and permanency ol a 

structure are required, it continues to enjoy its superiority 

over all other rival materials of engineering construction. 

Slones were used in early days for structural works. 

Important historic examples of the uses of stones are the 

Taj Mahal. Buddhist Temples and Kutub Minar in India, the 

Pyramids of Egypt, the remains of Creecian and Roman 

structures and many other massive and beautiful structures 

found practically throughout the world. The main censer of 

extensive use of stone is that when selected properly, it has 

less wear and tear and does not involve much maintenance 

cost. Therefore, engineers must have thorough 

understanding of the characteristic properties df different 

types of stones available in their own country to ensure their 

proper and most beneficial application leading to the 

successful design and construction of structures. 

To understand the properties of stones very thoroughly, 
minerals ^ Slucly ^ irst ^e characteristics of s.t one-forming 

2.2 Minerals * tl 

WUi foundation and ' Pr ° blems of civil engineering relate 
soils. Since the r k* ' n ‘ ounc * a, - ion relates with rocks and 
"'inerals knowledge nf ^ nothin 8 bu t the aggregates of 
engineers. b ni >nerals Is essential first for civil 
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Minerals are naturally occurring substances, having 
characteristics internal structures, and of more or less 
definite chemical composition and displaying more or less 
definite physical properties. They can be easily identified by 
the following properties : 

1. Streak and Coluor : Th colour of a mineral is often of 

assistance in its identification. Streak is the colour of 
mineral in powdered form. 

2. Cleavage and Fracture : The cleavage of a mineral is its 
capacity to split more readily in certain directions than 
in others, due to the arrangement of the atoms. Fracture 
of a mineral is the haphazard way the mineral breaks. 

3. Hardness : The hardness of a mineral is measured by its 
ability to resist scratching. If a mineral is scratched by a 
knife. It is softer than the knife. If a mineral cannot be 
scratched by a knife, the two are equal in hardness or 
the mineral is the harder. If the knife is scratched by a 
mineral, the mineral is harder. 

4. Luster : Luster is the appearance of a mineral in ordinary 
light. 

5. Structure : Some minerals are granular, for example, 
olivine, others are fibrous, crystalline, etc. 

6. Specific gravity : Specific gravity gives a very good basis 
for identification of minerals. 

7. Magnetism : A- few minerals are attracted by magnet, of 
these mineral magnetite is the most common example. 

8. Association : The association of creation minerals with 
others is suggestive for identification of minerals. 
Principal Stone forming Minerals : About 200 minerals 

have been recognized by the chemists and geologists but a 
few of them have got engineering applications. The 
following are the important rock forming minerals. 

1. Silica : Quartz is a pure Silica. It is unaffected by 
weathering. Its colour may be white, grey. pink, purple 
or yellowish. Streak is white. No cleavage, luster Is 
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he structure is granular. It is hard and 

vitreous an ^ gg u is used in the manufacture of 

£■££. glass, concrete, mortar, plaster, etc. 

D • Contains Silica. Alumina. Potassium. Sodium 

or Calcium. Generally two types : 

(a'" Potash Feldspars : Also known as orlhoclause. It 
contains Potassium. Alumina and Silica. Its colour is 
white, reddish, grey or grass. Streak is white 2 
cleavage at 90°. luster is vitreous, granular in 


structure, very hard. sp. gravity is 2.5 to 1.7. It is 
used in the manufacture of porcelain wares, glasses 


and also for glazing. 

(b) Lime-Soda Feldspars : Also known as plagioclause. It 
contains Sodium. Calcium Alumina and Silica. Its 
colour is generally white, .may be grey, blush or 
reddish. Streak is white 2 cleavage at 90°. Luster is 
vitreous, structure is qranular or fibrous, very hard, 
sp. gravity is 2.4 to 2.85. It is used for manufacturing 
glasses, and ceramic products. 

1 3. Micas : Complex Silicates of Potassium. Alumina. Silica. 

Magnesium and Iron. It is generally of two types : 

(a) Muscovite : Complex silicates of Potash, and 

Alumina. Its colour is generally white, yellowish or 

grey Steak is white, luster is vitreous, structure 

foliated very weak, one perfect cleavage, sp. gr = 3.0. 

It disintegrates very rapidly, hence a source of 

weakness is present in building stones. 

Biotite . it is a complex sificate of Potassium. 

a^nesium. Iron and Alumina. Its colour is black. 

fni c ' eay age. luster is vitrous. Structure is 

foliated, moderatedly hard, sp.gr. = 3.6. 




4 * Amphibole : Also Wn^ 

complex Silicate of Sod ^ Hornblende ' This ls 
and Aluminium, wilh ' U ™' Ca,clum - Magnesium. Iro 

a dark green to black coloui 

\ 


